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最优培养基成分为(g/L)：甘油 10.01，酪蛋白胨 12.03，酵母粉 24，NaCl 10，
（NH4)2SO4 4.77，KH2PO4 2.31，K2HPO4 12.54。利用优化培养基下在 37℃、150 
rpm 条件下，摇瓶培养 27 h，胞外酶活达到 78.32 U/mL，是初始培养基酶活的
3.10 倍。 
采用单因子实验法对摇瓶培养条件的优化进行了研究，研究了温度、初始
pH、种龄、接种量以及诱导剂 IPTG 和表面活性剂吐温 80 对重组菌生长和产酶
的影响，确定最佳培养条件为：培养温度 41 ℃，初始 pH 7.0 ，接种量 1.5%，
种龄 16 h。IPTG 诱导对重组大肠杆菌 Rosetta(DE3)-pET-22-bgl-(kil-Km)表达
β-1,3-1,4-葡聚糖酶无促进作用，而表面活性添加剂吐温 80 对重组大肠杆菌
Rosetta(DE3)-pET-22-bgl-(kil-Km)产 β-1,3-1,4-葡聚糖酶具有显著促进作用，最佳
添加浓度为 2.5%。                                
摇瓶流加证明稳定期流加碳源和有机无机氮源（硫酸铵和酪蛋白胨混合物）
是非常有效的。采用 2.5 L 发酵罐对重组大肠杆菌 Rosetta(DE3)-pET-22-bgl- 
(kil-Km)产 β-1,3-1,4-葡聚糖酶进行放大培养，酶活和生物量增长明显，胞外酶活
在 48 h 达到最大，为 140 U/mL。结合摇瓶流加和培养条件优化结果进行了 2.5 L
发酵罐流加工艺研究，结果表明，在稳定期恒速流加碳源甘油，对细胞生长和产
酶都有极大的促进作用。最大胞外酶活高达 327.7 U/mL，为摇瓶发酵培养的 4.18
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用于含 β-1,3-和 β-1,4-混合键型的 β-葡聚糖。β-1,3-1,4-葡聚糖酶粗酶液最适反应
时间为 10 min，最适反应温度为 50 ℃，30～60 ℃范围内较稳定。最适反应 pH
为 6.0，pH 在 5～12 的范围内较稳定，而且耐碱性相对较强。金属离子中，Cu2 + 、
Fe
3 +
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Abstract 
β-1,3-1,4-glucanase( EC.3.2.1.73 )，a promising industrial enzyme，plays an 
important role as supplements on improvement of the nutrition value in feed industry 
and food flavor in beer industry. In this study, the recombinant E. coli Rosetta 
(DE3)-pET22-bgl-(kil-km) was used to produce a hybrid β-1,3-1,4-glucanase. Culture 
medium components and other cultivation conditions were systematically optimized 
to achieve an effective fermentation strategy for β-1,3-1,4-glucanase production. 
Enzymatic properties of the β-1,3-1,4-glucanase extrat was detailed studied as well. 
At first, TB-GN medium was selected as the most suitable medium from six 
kinds of media. The effect of carbon sources, nitrogen sources and C:N ratio on the 
production of β-1,3-1,4-glucanase by E. coli Rosetta(DE3)-pET-22-bgl-(kil-Km) were 
investigated by one-factor-at-a-time experiments. Box–Behnken design and the 
response surface methodology (RSM) were further employed to optimize the above 
critical factors for β-1,3-1,4-glucanase production. The optimized medium contained 
(g/L): glycerol 10.01, casein peptone 12.03, yeast 24, NaCl 10,（NH4)2SO4 4.77, 
KH2PO4 2.31, and K2HPO4 12.54. When the recombinant E. coli was cultivated in the 
optimized medium for 27 h, the enzyme activity of β-1,3-1,4-glucanase reached 78.32 
U/mL (lichenan as the substrate), which was about 3.1-fold higher than that obtained 
in the original medium. 
The effects of fermentation conditons, including temperature, initial pH, 
inoculum age, inoculation ratio, IPTG and Tween 80, on cell growth and β-1,3-1,4- 
glucanase production were in turn investigated, The optimized conditions were 
proposed as temperature of 41 ℃, initial pH 7.0, inoculum age of 16 h, and 
inoculation ratio of 1.5%. It seemed that IPTG induction could not improve the 
expression level of recombinant E. coli Rosetta(DE3)-pET-22-bgl-(kil-Km). However, 
the β-1,3-1,4-glucanase production was increased significantly by adding Tween 80, 
whose optimal concentration was 2.5% in that case. 
In addition, shake-flask culture experiments showed that feeding carbon source 
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would promote cell growth and β-glucanase production. The batch fermentation of 
β-1,3-1,4-glucanase was scaled up in a 2.5 L conventional bioreactor, in which both 
cells growth and β-1,3-1,4-glucanase production had a significant improvement, and 
the extracelluar β-1,3-1,4-glucanase activity of 140 U/mL could be detected after 48 h 
cultivation. The fed-batch fermentation was thereafter proceded based on the 
optimized feeding strategy with combination of other optimized cultivation conditions. 
It was found that the highest β-1,3-1,4-glucanase activity up to 327.7 U/mL could be 
reached, which was 3.18- and 1.34-fold higher than those obtained in the shake-flask 
culture and the batch fermentation, respectively. 
   Finally, enzymatic properties of the hybrid β-1,3-1,4-glucanase were examined. 
Results showed that this enzyme was able to specifically hydrolyze (1-3,1-4)-β-bonds 
in barley-sourced β-glucans and lichenins, but not hydrolyze CM-cellulose and 
lminarin. The crude β-1,3-1,4-glucanase extract was relatively stable in circumstance 
of 30～60 ℃ and pH 5～12 for 4 hours, and more adaptable to alkalescence. The 
optimum temperature and pH for enzyme activity were 50 ℃ and 6.0, respectively. 

















 could stimulate the 
β-1,3-1,4-glucanase activity. In comparison with the original strains, the hybrid 
β-1,3-1,4-glucanase produced by recommbinant E. coli Rosetta (DE3)-pET-22-bgl- 
(kil -Km) was found to be more suitable in terms of stability and working 
temperature.  
 


























喃糖以 α，1→6 键连接，支链点也可以 1→2、1→3、1→4 连接。随着微生物种
类和生长条件的不同，其结构会有差别。 





糖单元通过 β-(1,3 )、β- (1,4 )等糖苷键连接而成的 D 型葡萄糖聚合物[2]，不同来
源 β-葡聚糖中 β-1,3 键和 β-1,4 键所占的比例也不尽相同，按照其糖苷键的不同
类型主要可分为：β-1,4-葡聚糖（纤维素），β-1,3-葡聚糖（昆布多糖），β-1,3-1,4-
葡聚糖（谷物葡聚糖）和 β-1,6-葡聚糖（石耳素）等[3]。早期研究认为大麦 β-葡
聚糖中含有连续的 β-1,3 键，但越来越多的试验证明，大麦 β-葡聚糖分子中不存
在连续的 β-1,3 键，85%以上的大麦 β-葡聚糖是由单一 β-1,3-糖苷键间隔的纤维












































最为活跃，其催化时表现出对吡喃型葡萄糖单元中 3-O-底物处的 β-1,4 糖苷键极
强的专一性。 
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-D-葡萄糖)和四糖(3-O-β-D-纤维三糖-D-葡萄糖)[9]。 







对大麦 β-葡聚糖无特异性，而能特异分解大麦 β-葡聚糖的 β-1,3-1,4-葡聚糖酶主
要来源于杆菌[11, 12]、梭菌[13]、纤维菌[14]、瘤胃微生物[15]和少数真菌[16]。 
 
表 1-1 β-1,3-1,4-葡聚糖酶的来源 
Table1-1 Sources of β-1,3-1,4-glucanase 
来源菌株 分子量（KDa） 文献 
Bacillus licheniformis 
Bacillus pumilus 
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